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ABSTRACT: Apple quality was investigated in the scab-resistant ‘Liberty’, ‘Santana’, and ‘Topaz’ cultivars and the scab-
susceptible ‘Golden Delicious’ cultivar. Trees subjected to the same crop load were cultivated using either an organic (ORG) or
an integrated production (IP) system. Physicochemical properties, phenolic content, and sensorial quality of fruit from both
systems were compared. There were no signiﬁcant diﬀerences in fruit mass, starch, and total soluble solid content (the latter was
higher in ORG ‘Liberty’) between ORG and IP fruit, whereas signiﬁcantly higher ﬂesh ﬁrmness was found in ORG fruit (except
no diﬀerence in ‘Golden Delicious’). Signiﬁcantly higher total phenolic content in ORG fruit was found in ‘Golden Delicious’,
whereas diﬀerences in other cultivars were not signiﬁcant. Targeted metabolomic proﬁling of multiple classes of phenolics
conﬁrmed the impact of the production system on the ‘Golden Delicious’ phenolic proﬁle as higher levels of 4-hydroxybenzoic
acid, neo- and chlorogenic acids, phloridzin, procyanidin B2+B4, -3-O-glucoside and -3-O-galactoside of quercetin, kaempferol-3-
O-rutinoside, and rutin being found in ORG fruit. The results obtained suggested that scab resistance inﬂuenced the phenolic
biosynthesis in relation to the agricultural system. Sensorial evaluation indicated signiﬁcantly better ﬂavor (except for ‘Topaz’)
and better appearance of IP fruit.
KEYWORDS: apples, organic production, integrated production, scab resistance, UPLC-MS/MS, targeted metabolomic proﬁling,
polyphenols, sensorial quality
■ INTRODUCTION
Fruits are the biggest source of phenolics, the most widespread
plant micronutrients, important for human health and
providing eﬀective antioxidant, anti-inﬂammatory, vasodilatory,
and prebiotic properties.1 According to the Food and
Agriculture Organization (FAO), 75.6 million tons of apples
was grown worldwide in 2011.2 As they are produced in such
large quantities, apples are an important source of phenols,
especially proanthocyanidins, in the human diet.3,4 The main
phenolic classes in apples are ﬂavanols (catechins and
proanthocyanidins), followed by hydroxycinnamates, ﬂavonols,
dihydrochalcones, and red apple anthocyanins.5,6 Polyphenols
have been found to be the main source of antioxidants in
apples, rather than vitamin C.7 The main contributors to the
antioxidant activity of apples have been found to be ﬂavan-3-
ols/procyanidins,8 in terms of the ﬁve major phenolic groups,
and procyanidin B2, quercetin, and epicatechin in terms of
individual compounds.7,8
Besides their importance for human health, phenols are an
important factor in terms of plant resistance to pathogens,
herbivores, and other biotic and abiotic stress factors.9 They
play an important role in the resistance of apple trees to scab
fungus Venturia inaequalis,10 which is the most widespread
disease in apple-growing areas with high spring and summer
rainfall. There are reports that higher contents of diﬀerent
ﬂavan-3-ols, hydroxycinnamates, and ﬂavonols has been found
in the tissue of leaves and fruit infected with V. inaequalis in
comparison to healthy tissue.11
Disease control in commercial orchards can require up to 15
fungicide treatments per year. Due to the ecological damage
caused by pesticides and synthetic fertilizers, the organic
(ORG) system has been adopted as an alternative to
conventional or integrated production (IP). It has been
evaluated that the ORG system ranks ﬁrst in terms of
environmental and economic sustainability, the IP system
second (the most persistent pesticides excluded from use), and
the conventional system last (wider list of allowed pesticides,
mostly thought of as full/complete chemical plant protec-
tion).12 Until today, apple production in Europe has mostly
been managed according to IP guidelines; however, the
quantity of ORG-produced apples is increasing constantly at
the global level.13,14 The reason is consumer conviction that
ORG apples contain more bioactive compounds and cause less
environmental problems than IP.15 Indeed, there are reports of
higher phenolic compound content in ORG-grown apples.16,17
It was also found that crop load per tree was inversely
correlated to the phenolic content in apple fruit.18 Considering
the commonly smaller yield per hectare of ORG-produced
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(20) Stracke, B. A.; Rüfer, C. E.; Weibel, F. P.; Bub, A.; Watzl, B. J.
Agric. Food Chem. 2009, 57, 4598−4605.
(21) Valavanidis, A.; Vlachogianni, T.; Psomas, A.; Zovoili, A.; Siatis,
V. Int. J. Food Sci. Technol. 2009, 44, 1167−1175.
(22) WAPA European Apple and Pear Forecast 2012; http://www.
agro-alimentarias.coop/ﬁcheros/doc/03677.pdf (accessed Feb 26,
2013).
(23) Lamb, R. G.; Aldwinckle, H. S.; Way, R. D.; Terry, D. E. Liberty,
a new disease resistant apple. In New York’s Food and Life Sciences
Bulletin; Cornell University: Ithaca, NY, 1978; p 78.
(24) Ruess, F. Testing of the apple varieties ‘Topaz’ and ‘Rubinola’
on diﬀerent rootstocks [Optimale Unterlagen für ‘Topaz’ und
‘Rubinola’]. In Ecofruit − 11th International Conference on Cultivation
Technique and Phytopathological Problems in Organic Fruit-Growing;
Boos, M., Ed.; Weinsberg, Germany, 2004; pp 144−149.
(25) Oresek, S. Izkusnje s pridelavo sorte ‘Topaz’ v Sloveniji. In
Zbornik referatov 1. slovenskega sadjarskega kongresa z mednarodno
udelezb̌o; Hudina, M., Ed.; Krsko, 2004; pp 687−694.
(26) Kootstra, H. S.; Vlieg-Boerstra, B. J.; Dubois, A. E. J. Ann. Allergy
Asthma Immunol. 2007, 99, 522−525.
(27) Vrhovsek, U.; Masuero, D.; Gasperotti, M.; Franceschi, P.;
Caputi, L.; Viola, R.; Mattivi, F. J. Agric. Food Chem. 2012, 60, 8831−
8840.
(28) International organization for biological and integrated control
of noxious animals and plants, West palearctic regional section.
Guidelines for integrated production of pome fruits in Europe. IOBC/
WPRS Bull. 2002, 25 (8), 1−8; http://www.iobc-wprs.org/pub/
bulletins/iobc-wprs_bulletin_2002_25_08.pdf.
(29) Eur-Lex Council Regulation (EEC) No. 2092/91; http://eur-
lex.europa.eu/LexUriServ/site/en/consleg/1991/R/01991R2092-
20070101-en.pdf (accessed Feb 27, 2013).
(30) Mattivi, F.; Reniero, F.; Korhammer, S. J. Agric. Food Chem.
1995, 43, 1820−1823.
(31) Jejcic, V.; Poje, T.; Godec, B. Determination of fruit maturity
with method of penetration. In Proceedings of the 31st International
Symposium on Agricultural Engineering Opatija; Kosutic, S., Ed.; Zavod
za mehanizacijo poljoprivrede, Agronomski fakultet Sveucilista Zagreb:
Opatija, 2003; pp 275−282.
(32) Rigo, A.; Vianello, F.; Clementi, G.; Rossetto, M.; Scarpa, M.;
Vrhovsek, U.; Mattivi, F. J. Agric. Food Chem. 2000, 48, 1996−2002.
(33) Peck, G. M.; Andrews, P. K.; Reganold, J. P.; Fellman, J. K.
HortScience 2006, 41, 99−107.
(34) Amarante, C. V. T. d.; Steffens, C. A.; Mafra, Á. L.;
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